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The factors that contribute to the development of
peripheral arterial complications of systemic athero-
sclerosis have long been assumed to mirror those of
coronary artery disease, including the ethnic/racial
and gender patterns of disease. Coronary artery dis-
ease frequently has been described as being more com-
mon among whites than African Americans and being
more common among men than women.1-5 One early
report that examined the ethnic/racial differences
associated with peripheral vascular disease examined
only men and concluded that there were no differ-
ences in the influence of diabetes between groups.6
The African American population in a second study,
based on a state of Massachusetts database, comprised
only 3.3% of the total population.7 The authors con-
cluded that there were no racial differences in the rates
of femoral bypass grafting after correction for the risk
factors of hypertension and diabetes, although they
did recognize the influence of the greater prevalence
of these risk factors in this population. Our group
reports from a state that has a much greater propor-
tion of African Americans (36%) as compared with the
nationwide population (12%), and we have recently
challenged this belief.8 In fact, the rate of intervention
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for infrainguinal occlusive disease, including angioplas-
ty, bypass grafting, and amputation, is much greater
among African Americans than among whites.
Furthermore, unlike the roughly 2:1 ratio of men to
women requiring operation observed among whites,
African American women are more likely to undergo
intervention than are their male counterparts. That
peripheral vascular disease represents a major health
problem in this population is heavily supported by the
fact that African American women are nearly 8 times as
likely to require major lower extremity amputation
than are white women.8 Because the prevalence of dia-
betes mellitus is proportionally greater in this eth-
nic/racial and gender subgroup, we sought to com-
pare the relative contribution of diabetes mellitus with
that of other risk factors in patients who undergo
infrainguinal revascularization.
METHODS
Data on the statewide prevalence of diabetes
mellitus, hypertension, and smoking were obtained
from the Behavior Risk Factor Surveillance System,
conducted in 1995 by the Center for Health
Promotion of the South Carolina Department of
Health and Environmental Control.9,10 This survey
derives an estimate of the overall prevalence of risk
factors with an extensive, random digit–dialing tele-
phone survey among persons aged 18 years and
older. The multistage sampling design of this survey
allows for weighting against sampling bias.11
Risk factor prevalence in consecutive patients
who underwent peripheral vascular bypass graft
operations was determined during a 5-year period
from the Vascular Surgery Registry at the Medical
University of South Carolina and the Ralph H.
Johnson Department of the Veterans Affairs Medical
Center in Charleston. The research protocol com-
plied with the requirements of the institutional
review board at each institution. All patients who
underwent operation from October 1992 through
September 1997 with the ICD-9-CM codes for
peripheral vascular occlusive disease (38.08, 38.18,
38.38, 38.48, 38.68, 39.29, 39.56, 39.57, 39.58)
were included in the prospective analysis.12 A retro-
spective analysis was performed on prospectively col-
lected demographic and risk factor information that
included patient gender, ethnic/racial group, age,
operation performed, indications for operation, and
concomitant diagnosis of diabetes mellitus (insulin
or non–insulin dependent), tobacco use, hyperten-
sion, renal insufficiency, cardiac disease, and chronic
obstructive pulmonary disease, and the results of
preoperative cardiac evaluation. The presence of
claudication, ischemic rest pain, gangrene, and tissue
ulcers and the use of the term chronic critical
ischemia are as defined according to the recom-
mended standards for reports dealing with lower
extremity ischemia, the revised version.13 Similarly,
the recommended criteria for graft patency are used
according to the same reporting standards.
Fig 1. Life-table analysis of limb salvage according to ethnic/racial and gender groups.
Standard error exceeded 10% only in white women at 39 months. At 5 years, standard error
was 6% in African American women, 5% in African American men, and 8% in white men.
◊, African American women; h, African American men; n, white women; s, white men. 
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The odds ratios were calculated according to
ethnic/racial subgroups from 2-by-2 contingency
tables, with the patients who underwent operation
as the cases that exhibited the positive end point and
the population of South Carolina as the control
group at risk. For the purposes of analysis, it was
assumed that the prevalence of risk factors in
patients in our institutions were representative of
those patients undergoing operation statewide. The
possibility for the introduction of referral bias as a
result of this assumption was recognized. A c 2 4-by-
2 contingency table analysis was used to compare
the risk factor prevalence across the ethnic/racial
and gender subgroups. The log-rank test was
applied to Kaplan-Meier method curves for a com-
parison of the survival data. A P value of less than
.05 was considered statistically significant. Stepwise
logistic regression was used to compare all of the
listed risk factors for subsequent limb salvage.
RESULTS
A total of 764 patients who underwent infrain-
guinal lower extremity bypass graft operation were
identified. Of the patients, 56% were African
American and 32% were women. No significant dif-
ferences in compliance and surveillance were detected
among the subgroups during the follow-up period.
The relative risk factor prevalence among the patients
who underwent operation is listed in Table I. Most of
the African American patients required bypass graft-
ing to the pedal vessels for effective revascularization
as a result of tibial/peroneal disease. The patients with
diabetes were more likely to have nonhealing ulcers or
gangrene than were the patients without diabetes
(62% vs 31%; c 2 test = 47.5, P < .0001) and were
more likely to require pedal bypass grafting (59% vs
40%; c 2 test = 16.5, P < .0001). The mean length of
follow-up time was 7.1 months for African American
men, 6.4 months for African American women, 7.9
months for white men, and 6.3 months for white
women (maximum follow-up time, 48.3, 41.0, 59.4,
and 65.4 months, respectively).
The calculated odds ratio of infrainguinal bypass
grafting among all patients with diabetes is shown in
Table II. The prevalence of diabetes in the state data-
base varied from 7.1% between the ages of 40 to 64
years (30% of the population) to 15.9% for ages more
than 65 years (12.3% of population). The odds ratio
is significantly greater for African Americans and for
women than for other groups. The odds ratio for
bypass grafting among the patients who used tobac-
co is depicted in Table III, and the ratio among
patients with hypertension is depicted in Table IV. In
contrast to the diabetes odds ratio, the odds ratios of
bypass graft operation for both hypertension and
smoking were greater in white patients and in men.
Life-table analysis of primary and cumulative sec-
ondary graft patency rates did not differ according
to ethnic/racial and gender subgroups or according
to the presence or type of diabetes. The 30-day pri-
mary graft patency rates were 91% and 94% for
African American men and women, respectively, and
94% and 92% for white men and women, respective-
ly. The differences in 3-year primary graft patency
rates of 64% and 61% for African American men and
women, respectively, and 71% and 71% for white
men and women, respectively, did not attain statisti-
cal significance. The limb salvage rates were signifi-
cantly worse at 3 years for African American patients
as compared with white patients (64% ± 3% vs 75% ±
4% [± standard error]; z score = 2.99; P < .005; Fig
1). Major amputation was more likely to be neces-
Table I. Risk factor prevalence in patients who undergo peripheral bypass graft operation
AAW (n = 175) AAM (n = 253) WW (n = 70) WM (n = 266)
Age (mean ± SD; years) 68 ± 12 63 ± 16 66 ± 11 64 ± 14
Diabetes mellitus* 70% 46% 49% 42%
Tobacco use* 34% 66% 57% 68%
Hypertension 68% 57% 55% 58%
Cardiac history† 25% 23% 41% 42%
Renal insufficiency 12% 14% 12% 6%
Claudication alone 1% 1% 8% 6%
Rest pain‡ 38% 20% 31% 35%
Gangrene* 37% 43% 19% 20%
Ischemic ulcer 20% 19% 21% 11%
Pedal bypass graft* 78% 77% 44% 56%
AAW, African American women; AAM, African American men; WW, white women; CM, white men; SD, standard deviation of the mean.
*P < .0001.
†P < .001.
‡P < .01.
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sary despite patent bypass grafting in African
American women (12%) than in African American
men (5%), white women (4%), or white men (3%; c 2
test = 10.1, P < .05). The differences noted in limb
salvage rates according to the presence of diabetes
(62% ± 6% [diabetes] vs 70% ± 6% [no diabetes]; 
z score = 1.46; P = .14) did not attain statistical sig-
nificance. The differences in limb salvage rates
according to the type of diabetes (57% ± 8% [insulin
dependent] vs 72% ± 10% [insulin independent]; z
score = 1.81; P = .07) or the presence of tissue necro-
sis (gangrene or ischemic ulcer; 63% ± 6% [necrosis]
vs 67% ± 8% [no necrosis]; z score = 1.82; P = .07)
also approached, but did not attain, statistical signif-
icance. When limb salvage rates were compared with-
in ethnic/racial groups with life-table analysis, the
presence of diabetes did not influence the outcomes
among either African American patients (P = .67) or
white patients (P = .22). However, when limb salvage
was compared among patients without diabetes, the
results at 3 years were worse among the African
American patients (P < .05). Stepwise logistic regres-
sion of all the measured variables identified
ethnic/racial group as the sole predictor for limb sal-
vage rates (F score = 7.17; P < .01).
DISCUSSION
Ethnic/racial heritage does influence the need for
intervention for peripheral vascular occlusive disease
to a far greater extent than is true for coronary artery
disease.8 This study provides supportive evidence
that the primary factor contributing to the greater
rate of revascularization and amputation in African
American women is diabetes mellitus. Diabetes con-
tributes a 3-fold to 4-fold greater risk for end-stage
lower extremity vascular disease that requires revas-
cularization than does either smoking or hyperten-
sion, in contrast to the relatively equal contribution
of each risk factor typically asssociated with the devel-
opment of coronary disease.14 The odds of interven-
tion for infrainguinal disease attributable to diabetes
is much greater in African American women than in
other population subgroups, and the significantly
greater prevalence of diabetes among African
American women puts them at a further increased
overall risk.15 Despite the high prevalence of hyper-
tension among the African American population, the
relative contribution of hypertension to the need for
lower extremity arterial reconstruction actually
appears to be lower in this group than among white
patients. Furthermore, the prevalence of smoking
among African American women in South Carolina
has been reduced by nearly half in the last 10 years,
which makes tobacco use less of a factor.16 Although
only 10% of the infrainguinal bypass graft operations
in the state are performed by our practice, an analy-
sis of the vascular registry supported by our state vas-
cular society would suggest no significant regional
differences in risk factor prevalence that might
severely affect the interpretation of these data, which
acknowledges that elective participation in such vol-
untary registries may allow for the introduction of
incomplete and biased data.
Atherosclerotic disease contributes significantly 
to the morbidity and mortality rates of diabetic
patients.17 Abnormalities of coagulation, platelet func-
tion, fibrinolysis, and other hemorheologic factors
occur frequently with diabetes.18 The primarily distal
popliteal and tibial pattern of peripheral vascular occlu-
sive disease associated with diabetes has been well
described.19,20 The high risk of severe foot infections
in diabetes is similarly acknowledged.21 Even in
patients who are nondiabetic with premature coronary
artery disease, insulin and proinsulin levels tend to be
elevated, especially in African Americans. These levels
have been correlated with carotid plaque thickness—
more prominently in white patients.22,23 Although it
is tempting to blame the inferior limb salvage rates
observed in African American women on the greater
prevalence of diabetes alone, life-table analysis com-
Table II. Odds ratios for bypass graft operation among patients with diabetes mellitus
Prevalence in current Prevalence in state
study (%) population (%) Odds ratio 95% CI
African American women 70 8.7 24.9 20.3 to 30.4
African American men 46 6.8 11.6 8.9 to 15.2
White women 49 5.6 15.9 13.0 to 19.5
White men 42 4.7 14.8 12.5 to 17.4
African American 60 7.8 17.7 15.1 to 20.7
White 45 5.2 14.8 13.0 to 16.8
Women 58 6.6 19.8 17.1 to 22.8
Men 43 5.3 13.5 11.7 to 15.6
CI, Confidence interval.
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parisons do not necessarily support this. In fact, when
the influence of diabetes is removed, the African
American patients still exhibited worse limb salvage
rates despite equivalent graft patency rates. This may
have been related to a cumulative effect of the
increased prevalence of tissue necrosis and the need
for more distal bypass grafting among African
American women. Although patients with diabetes
were more likely to have nonhealing ulcers or gan-
grene and to require more distal bypass grafts, the
hypothesis that diabetes alone contributes to limb
loss is not directly supported by our data. (The pos-
sibility of a type II statistical error cannot be exclud-
ed in these observations. For the observed degrees of
difference to be statistically significant, 70 more
patients would have been necessary for the tissue
necrosis comparison, 390 more for the presence of
diabetes comparison, and 40 more for the type of
diabetes comparison.)
As a result of the limitations of the data available,
it was not possible to calculate the relative risks of
elevated cholesterol and triglyceride levels, sedentary
lifestyle, family history of atherosclerotic disease, and
obesity in the current study. Despite similar total
serum cholesterol levels, African Americans have
been found to have higher high-density lipoprotein
cholesterol and lower triglyceride levels.24-26 African
American women living in South Carolina have been
reported to have higher levels of leisure-time physi-
cal inactivity that approach 40%.16 Nearly half of
these adults are overweight, as defined by a body-
mass index of 27.3 kg/m2, or at least 20% over ideal
body weight. Decreased high-intensity leisure time
activity and increased adiposity in female African
Americans apparently begin at an early age and are
more profound at each pubertal milestone.27 These
adolescent changes occur despite a diminished
caloric intake relative to white girls, which suggests
that the lack of activity contributes more than diet
alone, although dietary differences may become
more important in older individuals.7,28,29
This study has shown that diabetes mellitus is the
predominant risk factor for the development of lower
extremity ischemia that requires bypass graft opera-
tion. African American women proportionately are
more affected by diabetes, and tobacco use and
hypertension play a greater role in white men.
However, none of these risk factors appear to com-
pletely account for the greater rate of limb loss in
African Americans. The possibilities that difficulties in
Table III. Odds ratios for bypass graft operation for patients who use tobacco
Prevalence in current Prevalence in state
study (%) population (%) Odds ratio 95% CI
African American women 34 16 2.6 2.0 to 3.4
African American men 66 24 6.1 4.8 to 7.8
White women 57 26 3.8 3.1 to 4.6
White men 68 25 6.4 5.6 to 7.4
African American 47 20 3.6 3.0 to 4.3
White 64 26 5.2 4.6 to 5.8
Women 47 23 3.0 2.5 to 3.4
Men 67 25 6.4 5.6 to 7.2
CI, Confidence interval.
Table IV. Odds ratios for bypass graft operation for patients with hypertension
Prevalence in current Prevalence in state
study (%) population (%) Odds ratio 95% CI
African American women 68 36 3.8 3.1 to 4.6
African American men 57 30 3.0 2.4 to 3.9
White women 54 22 4.3 3.6 to 5.3
White men 58 17 6.6 5.7 to 7.6
African American 63 34 3.4 2.9 to 4.0
White 56 20 5.4 4.8 to 6.1
Women 60 26 4.3 3.8 to 5.0
Men 58 21 5.1 4.5 to 5.8
CI, Confidence interval.
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 2 Brothers, Robison, and Elliott 357
access to care or in the ability to comply with preop-
erative or postoperative wound care might play a role
has not been addressed by this study. Ethnic/race dif-
ferences do contribute to the need for and the out-
come of lower extremity revascularization.
We thank Yvonne Goldman in the South Carolina
Department of Health and Environmental Control for her
courteous assistance.
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APPENDIX I. LIFE-TABLE ANALYSIS OF LIMB SALVAGE FOR AFRICAN AMERICAN WOMEN
Interval No. of limbs No. of limbs No. of limbs Interval Cumulative Standard
end (mos) at risk lost withdrawn salvage (%) salvage (%) error (%)
1 to 3 177 35 39 80 80 2
4 to 6 103 6 23 94 76 2
7 to 9 74 3 14 96 72 2
10 to 12 57 2 6 96 70 3
13 to 15 49 2 6 96 67 3
16 to 18 41 2 3 95 64 4
19 to 21 36 0 7 100 64 4
22 to 24 29 0 3 100 64 4
25 to 27 26 0 5 100 64 4
28 to 30 21 0 2 100 64 4
31 to 33 19 0 4 100 64 4
34 to 36 15 1 2 93 60 6
37 to 39 12 0 2 100 60 6
40 to 42 10 0 4 100 60 6
43 to 45 6 0 0 100 60 6
46 to 48 6 0 1 100 60 6
49 to 51 5 0 1 100 60 6
52 to 54 4 0 2 100 60 6
55 to 57 2 0 0 100 60 6
58 to 60 2 0 1 100 60 6
APPENDIX II. LIFE-TABLE ANALYSIS OF LIMB SALVAGE FOR AFRICAN AMERICAN MEN
Interval No. of limbs No. of limbs No. of limbs Interval Cumulative Standard
end (mos) at risk lost withdrawn salvage (%) salvage (%) error (%)
1 to 3 251 39 64 84 84 2
4 to 6 148 13 31 91 77 2
7 to 9 104 1 18 99 76 2
10 to 12 85 0 9 100 76 2
13 to 15 76 1 12 99 75 2
16 to 18 63 0 9 100 75 2
19 to 21 54 1 6 98 74 3
22 to 24 47 1 5 98 72 3
25 to 27 41 1 6 98 71 3
28 to 30 34 0 4 100 71 3
31 to 33 30 0 2 100 71 3
34 to 36 28 0 2 100 71 3
37 to 39 26 0 6 100 71 3
40 to 42 20 1 3 95 67 5
43 to 45 16 0 5 100 67 5
46 to 48 11 0 2 100 67 5
49 to 51 9 0 3 100 67 5
52 to 54 6 0 1 100 67 5
55 to 57 5 0 1 100 67 5
58 to 60 4 0 2 100 67 5
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APPENDIX III. LIFE-TABLE ANALYSIS OF LIMB SALVAGE FOR WHITE WOMEN
Interval No. of limbs No. of limbs No. of limbs Interval Cumulative Standard
end (mos) at risk lost withdrawn salvage (%) salvage (%) error (%)
1 to 3 70 7 24 90 90 3
4 to 6 39 2 12 95 85 3
7 to 9 25 0 6 100 85 3
10 to 12 19 0 5 100 85 3
13 to 15 14 1 2 93 79 7
16 to 18 11 0 3 100 79 7
19 to 21 8 0 0 100 79 7
22 to 24 8 0 0 100 79 7
25 to 27 8 0 0 100 79 7
28 to 30 8 0 2 100 79 7
31 to 33 6 0 1 100 79 7
34 to 36 5 0 1 100 79 7
37 to 39 4 1 1 75 59 18
40 to 42 2 0 1 100 59 18
43 to 45 1 0 0 100 59 18
46 to 48 1 0 0 100 59 18
49 to 51 1 0 0 100 59 18
52 to 54 1 0 1 100 59 18
APPENDIX IV. LIFE-TABLE ANALYSIS OF LIMB SALVAGE FOR WHITE MEN
Interval No. of limbs No. of limbs No. of limbs Interval Cumulative Standard
end (mos) at risk lost withdrawn salvage (%) salvage (%) error (%)
1 to 3 260 17 77 93 93 2
4 to 6 166 12 33 93 87 2
7 to 9 121 3 24 98 85 2
10 to 12 94 2 15 98 83 2
13 to 15 77 1 15 99 82 3
16 to 18 61 1 17 98 80 3
19 to 21 43 1 6 98 78 3
22 to 24 36 0 6 100 78 3
25 to 27 30 1 4 97 76 4
28 to 30 25 0 5 100 76 4
31 to 33 20 0 4 100 76 4
34 to 36 16 0 4 100 76 4
37 to 39 12 0 0 100 76 4
40 to 42 12 0 1 100 76 4
43 to 45 11 0 0 100 76 4
46 to 48 11 1 1 91 69 8
49 to 51 9 0 3 100 69 8
52 to 54 6 0 1 100 69 8
55 to 57 5 0 1 100 69 8
58 to 60 4 0 2 100 69 8
